SUMMARY Fifty patients were examined clinically and neurologically for seven days after pneumoencephalography. Headache was present in 78%, neck stiffness in 3400, pyrexia in 38%, vomiting in 340/, tachycardia in 740/, a change in the level of consciousness in 18%, and abnormal neurological signs in 3000. Of the 13 patients with epilepsy, there was an increased frequency of seizures in four, associated with increased EEG epileptiform activity in three. EEG abnormality either appeared or increased in 7400 of cases on the second day after the air study. A mechanism for the production of these sequelae is proposed. It is concluded that these findings indicate that in most cases an organic brain syndrome follows pneumoencephalography.
Since its introduction in 1919, pneumoencephalography has been observed to produce a wide range of side-effects: Bohn (1937) , in a study of 1,000 cases, reported headache, vomiting, pyrexia, tachycardia, changes in blood pressure, stiffness in the neck, and mental confusion. Changes in the constituents of cerebrospinal fluid were reported by Schwab and von Storch (1937) , Levinson, Kaplan, and Cohn (1939) , Wartenberg (1939) , Robertson (1957) , Marrack, Marks, and Couch (1961) , Taveras and Wood (1964) , and Dykes and Stevens (1970) . Electroencephalographic (EEG) abnormalities were found by Riehl and Ansel (1969) and Hammer and Klingler (1969) . Alterations in ventricular size on radiological examination, present for varying periods after pneumoencephalography, were observed by Robertson (1947) , Stallworthy and Savage (1955) , Le May (1967) , and Booker, Matthews, and Whitehurst (1969) .
These observations suggest that in many cases pneumoencephalography results in sequelae consistent with an organic brain syndrome. We will use the definition of the organic brain syndrome proposed by Lipowski (1967) -that is, a state of cerebral insufficiency in which there is a reduction in the level of cognition and a characteristic slowing of the EEG. Our study was designed to delineate the clinical features of the post-pneumoencephalography syndrome.
METHODS
From a consecutive series of 54 patients undergoing pneumoencephalography, the 50 to be described were followed for a minimum of seven days during which time there was no other change in their management, four being omitted for the following reasons: two because of failed pneumoencephalograms, one because of unavoidable discharge on the day after pneumoencephalography, and one because of unavoidable changes in medication in the post-pneumoencephalography period. days. In all except three the rate was greater than 100/min. Six patients were hypertensive for 1 to 12 hours after the air study and three became hypotensive during this period. One of the latter had been given parenteral chlorpromazine for sedation. In 15 cases, at least one of the following neurological signs appeared in the period from the first to the seventh day: unequal pupils, expressive dysphasia, pyramidal or extrapyramidal system involvement. Nystagmus in one patient suggested degenerative cerebellar disease and improved after the air study, disappearing by the seventh day of observation.
In eight patients clouding of consciousness occurred or was aggravated after pneumoencephalography. Confusion or incontinence was present in four patients for one day and in another three confusion together with incontinence for three to five days and one patient became drowsy.
Three EEG records were obtained in each of41 cases. In six cases only one record was obtained after the air study. In three either the pre-or postpneumoencephalography EEG was not done. In 34 cases an EEG abnormality either appeared or increased in the week after the air study. In most cases the abnormalities. were more marked on the second day and improved or resolved by the eighth. The changes consisted characteristically of a decrease of the order of 1-2 Hz in the frequency of the posterior dominant rhythm and the appearance or increase to a moderate degree of background slow wave activity in the theta and delta range. Eight cases showed no change in the EEG and in five there appeared to be a decrease in the EEG abnormality.
Abnormalities with apparent localizing significance were misleading. In five a focal abnormality appeared for the first time in the postpneumoencephalography record, but in four of these the known cerebral pathology was diffuse and generalized-for example, generalized cerebral atrophy associated with senile dementia. A There was no significant difference in the incidence or duration of headache between those patients with normal pneumoencephalograms and those with cerebral atrophy and similarly no difference in incidence of overall EEG abnormality. However, there was significantly less vomiting in those with cerebral atrophy.
There were 13 patients with epilepsy. Of these, one had a decrease in the frequency of seizures for the period of observation and in four the frequency increased. Three of the latter showed an increase of epileptiform activity in the EEG recorded on the second day after pneumoencephalography.
Cerebrospinal fluid examination revealed a decrease in the protein concentration of the sample taken after the injection of air in 15 out of 28 cases (range 1 to 13 mg% O). In five there was an increase of 1 to 6 mg% O. There was no change in eight. An increase in the number of white cells in the cerebrospinal fluid after the injection of air was found in 14 cases, in seven there was a decrease, and in seven there was no change.
DISCUSSION
The findings in this study indicate that the common sequelae of pneumoencephalography are headache, neck stiffness, nausea and vomiting, pyrexia, tachycardia, alteration in the frequency of fits, change in the level of consciousness, appearance of neurological signs, and EEG abnormalities.
Headache was a common complaint. Robertson (1957) claimed that headache is rare after pneumoencephalography. Taveras and Wood (1964) found that the absence of headache after pneumoencephalography was related to the presence of cerebral atrophy, but we were unable to confirm this.
All patients with neck stiffness also had headache and most of these did not notice any stiffness. Bohn (1937) and Schwab and von Storch (1937) suggested that neck stiffness after pneumoencephalography is associated with an aseptic meningeal reaction resulting from the presence of air in the subarachnoid spaces.
Pyrexia lasting one to two days has been noted by Bohn (1937) , Le May (1967) , and Clark, Obenchain, Hanafee, and Wilson (1970) . In our series there was no correlation between the presence of pyrexia and the occurrence of neck stiffness.
Nausea and vomiting occurring only on the first day after the air study was in some cases no doubt due to the premedication or the anaesthetic. Omnopon is well recognized as causing nausea and vomiting in susceptible persons (Dripps, Eckenhoff, and Vandam, 1961) : of the six patients given omnopon and scopolamine, four had vomiting for one day only. Although fentanyl may possibly cause vomiting, the other drugs used in neuroleptanalgesia are antiemetic.
When correction was made for those patients given general anaesthesia, the absence of vomiting was significantly more common in those with cerebral atrophy (P < 0-05). We cannot suggest an explanation for this finding. The eight cases of vomiting for periods longer than one day were possibly associated with organic cerebral changes after pneumoencephalography.
The occurrence of tachycardia in 740 % of patients was surprisingly common; in Bohn's (1937) series of 1,000 patients it was noted in only 3300. The only significant fluctuations in blood pressure would appear to have been associated with the anaesthesia or, in one case of hypotension, with the administration of parent-eral chlorpromazine, which can lower the blood pressure (Goth, 1964) .
Neurological signs that appeared temporarily after the air study were varied and showed no particular pattern. Only impairment ofconsciousness would seem to have been reported previously: Hammer and Klingler found this in 29 of 92 patients in the 24 hours after pneumoencephalography.
The appearance or increase of EEG abnormality to a mild or moderate degree in 34 of 47 cases further confirms the occurrence of cerebral dysfunction after the air study and is consistent with previous reports (Hammer and Klingler, 1969; Riehl and Ansel, 1969 ). An increase in the frequency of epileptic seizures was associated with an increase in EEG epileptiform activity in four of five cases, but otherwise the changes in Riehl and Ansel (1969) , but contrary to their observations. The presence of cerebral atrophy reduced the likelihood of nausea and vomiting. There was a trend for cerebral atrophy to be associated with impairment of consciousness (Table 2 ), but this did not reach the level of statistical significance. Lipowski (1967) has noted that, in general, there is an increased predisposition to the development of an organic brain syndrome in people aged 50 years and over and in those with cerebral damage. All of our eight patients with impairment of consciousness had one or both of these features. In fact seven had cerebral atrophy. This is also relevant to the findings of Potthoff (1970) Before the air study the patient was hyperactive. Approximately two weeks after admission she had several grand mal seizures and was started on phenytoin sodium 100 mg tds and methylphenobarbitone 60 mg tds. Pneumoencephalography was performed two days later under general anaesthesia after premedication with omnopon and scopolamine. The air study revealed slight dilatation of the ventricular system and excess cortical air over both hemispheres indicative of diffuse cerebral atrophy. For four days after pneumoencephalography the patient was more cooperative, answered questions in a rational manner, and commented relevantly about events occurring in the ward around her. On the fifth day after her air study she again reverted to her confused, noisy, and verbally aggressive behaviour. The cerebrospinal fluid examination was normal.
During the period of improvement, her EEG showed a slight reduction in the frequency of the alpha rhythm and an appearance of background delta activity of higher amplitude in the left temporal region. Eight days after the air study long runs of spike and wave discharge with a repetition frequency of one per second appeared, of higher amplitude on the right side.
The occurrence of a transient improvement in mental state after pneumoencephalography does not seem to have been documented. The alteration may have been associated with the treatment of the epilepsy, but against this is the fact that the patient reverted to her previous mental state even though the medication remained unchanged. The change in the EEG during the stage of improvement suggested that this patient had been affected by the organic brain syndrome following pneumoencephalography.
About half of the cases examined had a drop in protein concentration in the cerebrospinal fluid after injection of the air. Similar findings have been reported by Schwab and von Storch (1937) , Marrack et al. (1961) and Dykes and Stevens (1970) . Our finding in 5000 of cases of a white cell pleocytosis after injection of air is consistent with reports from Schwab and von Storch (1937) , Davidoff and Dyke (1951) , Marrack et al. (1961) , and Taveras and Wood (1964) .
In patients with cerebral atrophy both cortical and ventricular air were present for longer than in those with normal pneumoencephalograms. The time course of the organic brain syndrome and the presence of air in the cerebrospinal fluid spaces, particularly that in the ventricles, corresponded closely to each other.
The mechanism by which the sequelae to pneumoencephalography are produced may be explained as the consequence of the abrupt and temporary displacement of the brain after the injection of air into the ventricular system. Although the duration of the displacement is short lived, the effect may be prolonged for days by arterial spasm (Dott, 1960) , which occurs as a result of stretching and attenuation of the basal perforating arteries. The resultant ischaemia would affect the diencephalon, the midbrain, the archipallium, and the hypothalamus. Ischaemia in this situation clearly may result in impairment of consciousness, alterations of emotional state, and derangements of homeostasis, including those observed in this study-for example, disorders of body temperature, blood pressure, and cardiac function. Some of the neurological signs observed by us may be explained by the fact that the long tracts traversing this zone may also be affected. The stretching of the basal perforating arteries may lead to headache.
